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Chapter 5
DERIVATION OF SITE-SPECIFIC ARSENIC BACKGROUND IN
SOIL: A CASE STUDY

Matthew J. Mortefolio, P.E.
Environmental Engineer, New York State Department of Environmental Conservation, Division of Solid & Hazardous
Materials, 625 Broadway, Albany, NY 12233, (518) 402-8594, mjmortef@gw.dec.state.ny.us

Abstract:

During the course of site environmental investigations where arsenic is one of the principal contaminants, it
often becomes necessary to determine arsenic background in soil in order to define the extent of the arsenic
contamination from the site and, in some cases, to help establish an appropriate cleanup level. Arsenic
background in soil often has two components, one being “natural” background, related to local geology, and
the other being “anthropogenic” background from human activities not associated with the site. For sites
located in mostly pristine areas, it is likely that only natural background is involved, which in the eastern half
of the United States is fairly consistent over a very limited range of arsenic concentrations. For these sites,
arsenic background in soil can be established fairly easily through use of existing regional data or from a
limited sampling of soil in areas unaffected by the site. However, for sites where the arsenic contamination is
extensive over a large off-site area and anthropogenic sources other than the site itself are suspected to have
contributed to arsenic levels in soil within that area, the determination of arsenic background applicable to the
site becomes more complex. This paper discusses some of the challenges presented in estimating arsenic
background for sites where different degrees of non-site related anthropogenic activity are involved, and
presents a case study of how arsenic background in soil was established at one such site.

Key words:

Arsenic; Background; Soil.

1.

INTRODUCTION

For sites where arsenic is a significant constituent of concern in soil, it is important to determine
the site’s background concentrations (i.e., arsenic present in the soil, exclusive of any contribution
from the subject site) in order to define the extent of soil arsenic contamination from the site. This is
usually accomplished by comparing soil arsenic background data to soil arsenic data from the site to
define the areas where arsenic concentrations are elevated due to releases from the site. Also, it may
be necessary to establish background arsenic concentrations for a site in order to evaluate background
as a potential cleanup goal. In many cases remediating all site related arsenic contamination is a
remedial option, and as such one needs to establish the site’s background in order to adequately
evaluate this remedial option.
Arsenic Background has two components: Natural and Anthropogenic. Natural Background
arsenic concentrations found in a soil are those which are related to the arsenic content of geological
materials from which the soils are derived. In New York State soils, these typically range from about
1 to 5 ppm. Anthropogenic Background arsenic concentrations found in a soil are those which have
resulted from mans’ activities, exclusive of activities at the subject site. Arsenic from historic manmade sources includes such things as pesticide usage in orchards or as a wood preservative by the
lumber industry. It also could include past retail usage such as an active ingredient in crab grass
killer. The range of arsenic concentrations in soil attributable to man-made sources can vary widely
and is mainly dependent on the degree and duration of anthropogenic activity. This anthropogenic
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variability creates a number complex challenges to estimating arsenic background in areas where
anthropogenic arsenic sources, other than the site, are suspected of contributing to soil arsenic
concentrations.

1.1

The Case Study

This paper will walk through the process that was used to estimate arsenic background in soil for a
site in western New York. In presenting this process, the paper will discuss the various challenges
that were faced along the way and how each was managed. It will discuss the development of the
background soil sampling strategy, implementation of soil sample collection, presentation and
management of the resultant soil arsenic background data, and estimation of the site-specific arsenic
background.
There are a number of general principles that are presented by this case study that can be applied
to the development of background at other sites, as well as for other constituents. However, it is
important to note that the specific methods used in this case study represent just one possible
approach. This is not a “one-size-fits-all” methodology. It should also be noted that the methods in
this case study are most appropriate for sites where the arsenic contamination extends off-site and
other significant anthropogenic sources of arsenic are suspected. These methods are not applicable or
necessary for sites where “natural” arsenic concentrations are likely the most significant component of
the site’s background. For such sites using existing background data from State or Regional sources,
or perhaps collecting a few soil samples from an unaffected area, should be sufficient.

2.

MATERIAL AND METHODS

2.1

Site & Community Characterization

A common first step in developing a background sampling strategy is the characterization of the
site and its surrounding community. This involves determining the mechanisms and migration paths
of arsenic releases from the site, as well as identifying the types of properties and other features which
surround the site.
The case study site is a pesticide manufacturing plant that produced arsenic based pesticides from
the late 1920s through the mid-1970s. The site released arsenic production wastes to surface water
both through direct discharges and surface run-off from on-site disposal areas. These arsenic surface
water releases migrated down a creek and a storm water drainage pathway, impacting both sediments
within these waterways and soils within their flood zones. The site also released arsenic as a result of
air emissions from its pesticide production process. These arsenic air releases were deposited on
surface soils within the site community, most significantly in predominantly downwind areas. The site
community is made of a Residential Area, an Agricultural and Wooded Area, an Industrial and
Commercial Area, and historically some Orchard Areas.

2.2

Background Community & Property Type Selection

There are two important guidelines that should be used in selecting a Background Community to
collect soil samples for arsenic analysis. The first is that it must be unaffected by site arsenic releases,
and the second is that it must be similar to the Site Community in terms of property and soil types.
Property type similarity is important to assure similar degrees of arsenic anthropogenic activity
between the Site and Background Communities (exclusive of the site itself). Soil type similarity is
important since arsenic concentrations in soil can be influenced somewhat by the soil matrix. For
instance, arsenic concentrations my be higher in a tight clay than in a loose sand due to the higher
degree of molecular bonding found in charged clay particles.
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The case study Background Community is approximately 5 miles away from the site, generally
upwind of the site and in a separate drainage area. As a result, there was a high degree of confidence
that the Background Community was not measurably impacted by arsenic releases from this site.
The case study Site and Background Communities were found to be very similar. Both have
Residential, Agricultural, Wooded, Industrial and Commercial areas. They also share other features
such as a school, a creek, a canal, a highway and a rail line. In addition, the Background Community
included orchards representative of the historic orchards identified in the Site Community. Specific
property types selected to represent those in the Site community where agricultural (farm fields),
wooded, residential, public (school), commercial, industrial and orchards. The soil types in the Site
and Background Communities were examined and found to be similar in that they were both generally
made up of native brown clay and some glacial deposits of sand and silt. As a result, the Background
Community was judged sufficiently similar to the Site Community (in terms of property and soil
types) for the purpose of the comparison background case study.

2.3

Determining an Appropriate Sample Quantity

There are a two general guidelines that are useful in determining how many background soil
samples to collect for arsenic analysis. The first is to collect sufficient samples to adequately
represent the soil arsenic character of the Background Community, without collecting excess samples
which would do little to improve the arsenic character representation. Since arsenic concentrations
can vary in a soil over an area, especially where differing degrees of anthropogenic usage are
involved, collecting a handful of samples from one or two properties could lead to anomalous results
which may not represent the true arsenic character of the Background Community. Different property
types may have different soil arsenic characters due to differing degrees of arsenic anthropogenic
activity. This can result in a stratified data set, where the arsenic data for a particular property type
are similar, but the arsenic data between different property types are not similar. Such stratified data
makes it difficult, if not impossible, to obtain sufficient arsenic data to adequately represent the
Background Community as a whole because of the different ranges of arsenic concentrations that can
result from one property type to another. This data sufficiency challenge can be managed by grouping
property types with anticipated similar degrees of arsenic anthropogenic activity and collecting
sufficient data to represent the arsenic character of each property group separately.
For the case study, four (4) property groups were established where the arsenic anthropogenic
activity within the groups was anticipated to be similar. Agricultural (non-orchard) properties were
grouped with wooded properties since historic records indicated little, if any, arsenic usage on these
type properties. Residential and public properties were grouped to account for the potential of some
past arsenic usage in gardens or on lawns. Commercial and industrial properties were grouped due to
the potential for past usage as a weed killer and as a preservative in wood found in area lumber yards.
Lastly, orchards were left as a separate group since historical records indicated a potential that the
arsenic usage in orchards might be significantly higher than in the other property groups.
The second guideline is to maintain proportionality between the site and background community
property types with regard to sample quantity. If the Site Community is 60% residential and 5%
orchards, collecting 5% of the background samples from residential properties and 60% from orchards
will not be appropriately representative of the Site Community, and will likely bias results towards the
orchard’s arsenic character. One way to manage this proportionality challenge is to derive Weighting
Factors (or percentages) for each property group that can be used to keep the Site and Background
data sets proportional to one another in terms of property types. These weighting percentages can be
derived from the land area of each property group within the Site Community during the time period
over which the arsenic releases occurred.
For the Case Study, a number of historic aerial photos and Sanborn property maps (developed for
insurance purposes) of the Site Community were used to determine the land area of each of the four
(4) property groups during the roughly 50 year period of arsenic releases from the site. After
reviewing a number of these photos and maps, it was evident that the land area of the different
decreased over the period, while residential and wooded land was on the increase. To address these
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temporal changes, two (2) property maps were developed of the Site Community, one representing the
period from 1938 to 1958 and the other representing that from 1958 to1978. For each map, the land
area of each property group was derived and divided by the total land area of the Site Community, to
come up with a land area percentage for each group applicable to the time period represented by the
map. The resultant weighting percentage was subsequently derived from a time-weighted average of
each group’s land area percentage from the two maps. This resulted in weighting percentages of 55%
for the Agricultural/Wooded Property Group, 33% for the Residential/Public Property Group, 9% for
the Commercial/Industrial Property Group, and 3% for the Orchard Property Group.
Using these weighting percentages, a statistically sufficient number of samples were estimated for
each property group in the case study by utilizing Eq. (1) which is specifically designed for stratified
data sets.
ngn = nTi Wg sgi / ¦ Wg sgi
Where:

nTi =
Wg =
sgi =

(Gilbert, 1987, p.50)

(1)

initial number of sample points in the entire data set;
weighting percentage of each property group; and
initial standard deviation of each group’s data set.

This equation divides the weighted standard deviation of the initial data from a property group by
the summation of the weighted standard deviations of the initial data from all four (4) property
groups. In order to estimate the number of samples for each property group (ngn), values for nTi and sgi
were derived from an assumed data set. This assumed data set was based on certain expectations. For
instance, it was expected that a larger data set would be needed for the Agricultural/Wooded Property
Group since this group has a relatively large weighting percentage (55%). The results indicated that
about 75 samples would be needed, and the following Table 1 presents the sampling parameters that
were derived for each property group:
Table 1. Property Group Sampling Parameters
Property Group
Agricultural /
Sampling Parameters
Wooded Group
Wg
0.55
sgi
4.54
ngn
| 28 samples
# of Properties
7
# of Samples/Property
4

2.4

Residential / Public
Group
0.33
7.11
| 23 samples
8 (1 school)
3

Commercial /
Industrial Group
0.09
8.01
| 12 samples
3
3

Orchard Group
0.03
14.09
| 12 samples
4
4

Soil Sample Collection and Analysis

After the initial sampling parameters have been established, specific properties need to be selected
that are similar to those in the Site Community. For example, in the case study some residential
properties were selected along a creek to represent similar properties along the creek in the Site
Community. Next permission to access each property for sample collection must be obtained. This
can be difficult sometimes and may require some public relations skills. Sample points must be
selected on each property similar to those in the Site Community. For instance, in the case study,
sample points were selected in flood zones and in ditches to represent those features found in the Site
Community. Surface soil samples 0 to 3 inches deep were collected for the case study, which was
analogous to much of the sampling in the Site Community. Twice as many samples than determined
to be necessary were collected and archived for each case study property from different sample points.
This was done in order to avoid having to conduct another sampling round in the event that the
evaluation of the initial data indicated that more data is needed to adequately characterize certain
property groups. The initial samples obtained for the case study were analyzed for total arsenic using
the same analytical method used on samples from the Site Community.
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Determining Data Sufficiency
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Once the initial raw data is obtained, it is first necessary to determine if there is sufficient data to
adequately represent the arsenic character of each property group. This is accomplished by utilizing
Eq. (1), with the initial total number of data points (nTi), the property group’s weighting percentages
(Wg) and the standard deviations derived from each property group’s initial data set (sgi). Results will
indicate the number of samples needed for each property group (ngn) to adequately represent the
group’s arsenic character. If this value is less than or equal to the property group’s initial number of
samples analyzed, the group’s initial data set is judged sufficient to represent the group’s arsenic
character. If the resultant value is greater than the group’s initial data set, additional samples may
need to be analyzed to provide sufficient arsenic data for the property group, and the data sufficiency
re-calculated in an iterative process.
For the case study, it was determined that the amount of data needed for the Agricultural / Wooded
Property Group (na/w n) was 51 samples, which was well above the 28 samples initially analyzed from
this group. All other groups were determined to have sufficient arsenic data. It was decided to
analyze an additional 28 archived samples from the Agricultural / Wooded Property Group, for a total
of 56 samples. After receiving the arsenic data from the group’s additional samples, the number of
samples needed for the group was re-calculated from the group’s initial and additional arsenic data.
This indicated that 63 samples were needed for the Agricultural / Wooded Property Group, which was
approximately equal to the 56 samples analyzed. Since this resulted in a data shortage of less than
10%, it was decided that the 56 arsenic data points were sufficient to adequately represent the soil
arsenic character of the Agricultural / Wooded Property Group.

3.2

Checking for Outliers

Each property group’s data set should be checked for possible outliers, (arsenic data points which
are at the extreme ends of the group’s data range and may not be representative of the group’s true
arsenic character). There are a number of statistical methods that can be used to test for outliers.
However, in order to utilize these methods, it is first necessary to determine each property group’s
data distribution (i.e., whether it best conforms to a “normal” or “log-normal” distribution type). This
can be done visually from data distribution graphs or through use of a Linear Regression (Best-Fit
Curve) Analysis (Johnson, 1980, p.101). Depending on the distribution type, either the actual or
natural log (ln) values are used to make a Box & Whisker Plot (EPA, 1998, p.2.2-1) of each group’s
data set to screen for possible statistical outliers.

Figure 1. Box & Whisker Plot of Agricultural / Wooded Data
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Each of the property group data sets in the case study were determined to conform to a log-normal
distribution, so natural log (ln) data values were used to construct the Box & Whisker Plots. Figure 1
presents the Box & Whisker Plot of the Agricultural / Wooded Group’s Data Set.
The Box & Whisker Plot of the Agricultural / Wooded Property Group’s Data Set tentatively
identified four (4) statistical outliers ranging from 32.2 to 56.7 ppm. Other statistical tests should be
employed to help confirm tentatively identified outliers, such as Rosner’s Test (Gilbert, 1987, p.189),
which is applicable to data sets of 25 or more. Rosner’s Test uses the absolute difference between
each potential outlier (xgi) and the mean of the group’s data set (gi), divided by the standard deviation
of the group’s data set (sgi), in order to calculate Rosner’s Test Statistic (Rg i+1) for each of the group’s
tentative outliers.
Rg i+1 = ~ xgi - gi ~ / sgi

(Gilbert, 1987, p.189)

(2)

For each tentative outlier in a group’s data set, the result from Eq. (2) is compared to tabulated
Critical Values (Or) (EPA 1998, p.A-7) to evaluate the tentative statistical outlier. Regardless of the
outcome of the statistical tests, careful judgement should be employed before determining to use or
neglect any identified outliers.
For the Case Study, the natural log (ln) data values were again used and the results of Rosner’s
Test confirmed that there were 4 statistical outliers ranging from 32.3 to 56.7 ppm in the Agricultural /
Wooded Group’s Data Set. A closer examination of historical aerial photos of the property in the
Background Community where some of the outlier samples were obtained indicated the presence of
an old orchard in the area. Since the arsenic values of these outliers were well within the range of the
orchard group’s arsenic data, it appeared that these values may have resulted from a higher degree of
arsenic usage anticipated to have occurred in orchards. While these arsenic values may be
representative of the Orchard Group’s arsenic character, they did not appear to represent the
Agricultural / Wooded Group’s true arsenic character, and therefore neglecting these outliers seemed
appropriate.

3.3

Data Presentation

Table 2 presents the data summary of the case study results for each Property Group:
Table 2. Case Study Tabulated Data Summary
Statistical
Agricultural /
Residential / Public
Parameters
Wooded Group
Group
# of Samples ng
52 samples
23 samples
Range
2.3 to 11.9ppm
3.3 to 21.1ppm
Mean Ңg
5.0ppm
10.1ppm
Median
4.3ppm
8.6ppm
Std. Dev. Sg
2.1ppm
5.3ppm
95th Percent. Q95
9.4ppm
20.3ppm
FOOTNOTE: Agricultural / Wooded Group outliers excluded.

Commercial /
Industrial Group
12 samples
3.3 to 32.8ppm
11.7ppm
6.4ppm
9.8ppm
32.8ppm

Orchard
Group
12 samples
3.1 to 121.3ppm
33.3ppm
14.7ppm
36.8ppm
121.3ppm

There are a number of interesting aspects that can be observed from this tabulated data. First, the
range and standard deviation of the Orchard Group’s data are both considerably larger than the ranges
and standard deviations of the other 3 groups. This would suggest a highly variable level of arsenic
anthropogenic activity in orchards as was originally suspected. Second, the mean and median of the
Orchard Group’s data are at the low end of the group’s range indicating that there are only a few
arsenic data points at the high end of the group’s range. Finally, both the mean and 95th Percentile
increase progressively from the Agricultural / Wooded Group to the Orchard Group. This would
suggest a progressively increasing degree of arsenic anthropogenic activity from group to group in the
manner originally anticipated.
Figure 2 is a graphic presentation of the case study data distribution.
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Figure 2. Background Data Distribution

Figure 2 presents a bar graph of the number of data points, shown on the vertical axis, within the
specified ranges of arsenic concentrations, shown on the horizontal axis. As can be seen from this
graph much of the data falls within the 0 to 20 ppm arsenic concentration ranges, with the Orchard
Group being the only group with data points above 50 ppm.

3.4

Data Management

Use of the case study data in its current form (separated between property groups) may be
problematic. How should separate background data sets be compared to site data? Can one
background set be used for site residential property and a different background set for historic orchard
property? What background data set should be used for site residential properties that were once
orchards, residential or orchard background? While use of separate background data sets may be
appropriate in some situations, derivation of some statistical parameters that appropriately represent
the entire background data set may help in making comparisons to site data.
In order to derive such statistical parameters, it is first necessary to determine the overall data
distribution (i.e., whether it best conforms to a “normal” or “log-normal” distribution type or is
undefined). This can again be done visually from data distribution graphs or through use of a Linear
Regression (Best-Fit Curve) Analysis (Johnson, 1980, p.101). Due to its stratified nature, the case
study overall data set did not conform to any standard distribution, and therefore was determined to
have be undefined.
While there are a number of equations available to derive appropriately weighted statistical
parameters for stratified data sets that approximate normal or log-normal distributions (Gilbert, 1987),
they are not entirely appropriate for data sets that don’t conform to these distributions. For these type
data sets it is necessary to utilize Monte Carlo Simulations to derive weighted statistical parameters.
Monte Carlo Simulations are computer generated simulations that use an iterative process to come up
with a “best-fit” of the weighted data points upon which the appropriate statistical parameters are
derived.
For the case study overall background data set, Monte Carlo simulations were run using the
weighting percentages representing each property group and each group’s arsenic data, to derive
weighted statistical parameters. Below are some of the results:
x Weighted Mean:
x 95% Upper Confidence Limit on the Weighted Mean:
x Weighted 95th Percentile:
x 95% Upper Confidence Limit on the Weighted 95th Percentile:
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4.

DISSCUSSION AND CONCLUSIONS

4.1

Estimating Site-Specific Arsenic Background

Figure 3. Typical Background & Site Data Distribution Curves

The problem in estimating background can best be seen by the typical data distribution graphs
presented in Figure 3. Arsenic concentrations which fall to the left of the intersection of the two
curves can probably be assumed to be background arsenic concentrations, while arsenic
concentrations which fall to the right of the end of the background curve can probably be assumed to
be site-related arsenic concentrations. However, discerning site from background for arsenic
concentrations that fall within the middle “gray area” is more challenging.
In trying to estimate background with regard to this gray area, there are Competing Considerations
involved. One is the need to be sure with a high degree of confidence that the arsenic is site related.
This consideration advocates for the establishment of a high background threshold, somewhere near
the high end of the background data curve. The other and somewhat opposite consideration is the
need to be sure with a high degree of confidence that the arsenic is not site related. This
consideration advocates for the establishment of a low background threshold, somewhere near the low
end of the gray area. However, there is more to this then a simple academic probabilistic exercise.
There are, of course Human Health & Environmental Risks associated with Arsenic. These risks
should also be considered when estimating arsenic background from data.
There are basically a couple of approaches to estimating site-specific arsenic background. The
first is to perform a detailed statistical comparison of the site and background arsenic data sets. There
are statistical methods available for such data set comparisons. However, while these methods may
take some of the guesswork out of estimating background, they are complex and may be difficult to
apply to every situation. Also, they also do not have a mechanism for factoring in arsenic human
health and environmental concerns in an estimate of background. The other approach is to establish
an upper threshold estimate of arsenic background, above which arsenic concentrations would be
considered to have a site-related component. Since this is more of a judgmental approach, it can be
argued that it is susceptible to larger margins of error. However, it does allow consideration of the
degree of confidence placed in whether an arsenic concentration is or is not site related. It also allows
arsenic human health and environmental considerations to be factored in to the estimate.

4.2

Case Study Estimated Arsenic Background

After reviewing the background arsenic data and the associated statistical parameters, as well as
factoring in arsenic human health and environmental concerns, an arsenic concentration of 20.0 ppm
was selected as an upper threshold estimate of arsenic background for the case study. There were a
number of important factors that contributed to this conclusion. First, 20.0 ppm is approximately
equal to 19.2 ppm, which is the Weighted 95th Percentile of the entire background data set, and it is
approximately equal to 20.3, which is the 95th Percentile of the Residential / Public portion of the
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background data set. Therefore, 20.0 ppm was considered to provide an adequate level of confidence
that arsenic concentrations above this limit are potentially site related. Second, 89 of the 99 arsenic
data points fell at or below 20.0 ppm, and 76 of the 99 arsenic data points fell at or below 10 ppm,
indicating a Background data distribution predominantly in the 0 to 20.0 ppm range. Therefore, 20.0
ppm was considered to provide an adequate level of confidence that arsenic concentrations below this
limit are only background related. Finally, with regard to human health and environmental concerns,
it was observed that 20.0 ppm falls within EPA’s acceptable arsenic carcinogenic range and is below
EPA’s toxic threshold for arsenic.

4.3

Concluding Summary

In summary, below are some guiding principles resulting from this case study that might be
applicable to derivations of site-specific arsenic background in soil at other sites:
• Background Community Unaffected & Similar – The community where background samples
are collected must not be affected by releases from the subject site and should have property
types and other features which are similar to those of the site community.
• Arsenic Anthropogenic Activity – Any current or historic non-site related potential arsenic
anthropogenic activity in the Site Community should be identified and accounted for in the
development of the background sampling program.
• Proportional Sampling – There should be proportionality between the site and background
sample quantities in terms of property types. A site community that is 75% residential property
should not have 75% of the background samples collected from orchards.
• Representative Number of Samples – A sufficient number of samples must be analyzed to
insure that the data is statistically representative of the soil arsenic character of each property
type in the Background Community.
• Outlier Check - Some statistical methods should be employed to check for outliers in the
background data sets. If outliers are identified, careful judgment is needed on how they should
be handled.
• Preview Data - Tabulate and graph the background data to visualize it to help determine if there
are any discernable trends.
• Appropriate Background Statistics - Derive some appropriate statistical parameters from the
background data to assist in estimating background.
• Arsenic Human Health & Environmental Risks - Some consideration should be given to arsenic
human health and environmental risks in estimating background.
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